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Introduction 


This  contract  funded  a  comprehensive  nine-year  study  of  magnetospheric 
structure  and  dynamics.  There  are  three  major  areas  of  study:  waves  and  wave 
particle  interactions,  magnetospheric  tail  and  substorm  dynamics,  ionosphere- 
magnetosphere  coupling.  All  three  are  central  to  our  understanding  of  the 
geoplasma  environment.  Each  plays  a  critical  part  in  determining  the  pattern  of 
plasma  flows  and  currents  and  the  distribution  and  properties  of  the  plasma  and 
energetic  particles  within  the  magnetospheric-ionosphere  system.  The  major 
effort  was  directed  towards  the  analysis  of  existing  and  newly  acquired  spacecraft 
data,  with  particular  emphasis  on  multi-satellite  studies.  The  data  analysis  was 
complemented  with  theoretical  and  simulation  studies,  the  development  and 
maintenance  of  data  analysis  and  display  software  for  use  in  the  data  analysis,  and 
the  design  of  new  innovative  plasma  and  field  instruments  for  use  in  the  next 
generation  of  spacecraft.  The  overall  goal  of  the  study  was  to  provide  the 
understanding  of  the  magnetosphere-ionosphere  system  needed  to  construct 
reliable  models  that  will  forecast  the  future  state  of  the  system. 

This  report  focuses  on  five  areas  of  scientific  investigation  in  which 
significant  progress  was  made  during  the  life  of  the  contract:  electrostatic  electron 
cyclotron  harmonic  emissions  observed  by  CRRES;  the  implications  of  cross  tail 
plasma  gradients  on  the  structure  of  the  auroral  zone;  plasma  distributions  in  the 
topside  ionosphere:  waves  and  fluctuations  seen  in  the  cusp:  and  ion  cyclotron 
wave  group  delays.  A  complete  list  of  the  34  refereed  publications  arising  out  of 
the  research  funded  by  this  contract  is  contained  in  the  last  section  of  this  report. 

In  addition  to  this  activity,  Mr.  Peter  Anderson  made  significant  advances 
in  developing  an  imager  to  observe  emissions  from  solar  coronal  mass  ejections. 
This  work  has  resulted  in  an  instrument  that  will  soon  be  launched  into  space. 


II.  Scientific  Results 


1 .  Banded  Harmonic  Electrostatic  Emissions 

We  surveyed  banded  electronic  emissions  observed  by  the  Plasma  Wave 
Experiment  on  the  CRRES  spacecraft  with  an  emphasis  on  the  relation  of  the  frequency  of 
the  highest  intensity  waves  to  multiples  of  the  local  electron  cyclotron  frequency. 
Emissions  were  detected  chiefly  in  the  postmidnight  quadrant  of  the  magnetosphere 
between  L=3.5  and  L=7.  We  confirmed  that  high-intensity  emissions  are  confined  to 
within  a  few  degrees  of  the  magnetic  equator.  The  emissions  were  all  measured  below  the 
electron  plasma  frequency,  and  we  found  they  generally  favor  the  upper  part  of  the 
gyroharmonic  interval.  When  ECH  emissions  are  detected  both  near  and  far  from  the 
equator  on  the  same  orbit,  it  is  generally  true  that  a  broad  band  of  the  same  relative 
frequency  emissions  are  excited  in  both  locations.  The  difference  is  that  near  the  equator,  a 
few  frequency  channels  measure  much  higher  intensities.  Comparison  of  our  observations 
with  a  convective  growth  model  calculation,  showed  that  the  observed  spectra  were  not 
consistent  with  predicted  ones. 

Principal  Reference:  Paranicas,  C.,  W.J.  Hughes,  H.J.  Singer,  and  R.R.  Anderson. 

Banded  electrostatic  emission  observed  by  the  CRESS  plasma  wave 
experiment.  J.  Geophy.  Res.,  97,  13,889,  1992. 


2.  Cross  Tail  Plasma  Gradients 


We  developed  a  natural  explanation  of  the  Harang  discontinuity  that  arises  from  the 
asymmetry  of  ion  drift  paths  in  the  tail.  The  Harang  discontinuity  is  the  locus  of  points 
in  the  nightside  auroral  zone  across  which  the  meridional  component  of  the  ionospheric 
electric  field  reverses  from  a  basically  poleward  field  on  the  equatorward  side  to  a 
basically  equatorward  field  on  the  poleward  side.  In  other  words,  the  Harang 
discontinuity  represents  a  convergence  of  ionospheric  electric  field.  The  overall 
structure  of  this  feature  is  evident  in  high-latitude  radar  observations,  and  in  satellite 
measurements  of  both  electric  fields  and  ionospheric  flows. 

Ions  in  the  plasma  sheet  drift  westward  or  duskward  across  the  tail  due  to  the 
magnetic  gradient  and  curvature  drifts.  The  westward  curvature  and  gradient  drift 
depletes  dawnside  flux  tubes  of  energetic  ions  because  there  is  no  strong  source  of 
energetic  plasma  in  the  dawnside  magnetopause  boundary  layer  to  replace  those  that 
have  drifted  westward.  This  dawnside  depletion  effect  means  that,  on  average,  the 
duskside  of  the  plasma  sheet  will  have  higher  ion  temperatures,  pressures  and  flux  tube 
contents,  and  hence  stronger  westward  cross-tail  drift  current,  than  the  dawnside.  The 
deficit  of  dawnside  current  (or  surplus  of  duskside  current)  must  be  compensated  by 
upward  currents  from  the  ionosphere  distributed  across  the  tail  to  ensure  current 
continuity.  In  the  ionosphere,  closure  of  this  current  requires  a  convergence  of 
ionospheric  Pedersen  currents,  and  hence  a  convergence  of  electric  field,  directed 
towards  the  center  of  the  upward  current.  This  is  exactly  the  form  of  the  Harang 
discontinuity. 

Principal  Reference:  Erickson,  G.M.,  R.  W.  Spiro  and  R.A.  Wolf,  The  Physics  of  the 
Harang  Discontinuity,  J.  Geophys.  Res.,  96, 1633,  1991. 


3.  The  Low-Latitude  Topside  Ionosphere  Near  Solar  Minimum 

We  used  the  retarding  potential  analyzer  on  the  DMSP  F8  satellite  to  measure  ion 
density,  composition,  temperature,  and  ram  flow  velocity  at  840-km  altitude  near 
the  dawn  and  dusk  meridians  close  to  solar  minimum.  Nine  days  of  data  were 
selected  for  study  to  represent  the  summer  and  winter  solstices  and  the  autumnal 
equinox  under  quiet,  moderately  active,  and  disturbed  geomagnetic  conditions.  The 
observations  revealed  extensive  regions  of  light-ion  dominance  along  both  the  dawn 
and  dusk  legs  of  the  DMSP  F8  orbit.  These  regions  showed  seasonal,  longitudinal, 
and  geomagnetic  control,  with  light  ions  commonly  predominating  in  places  where 
the  subsatellite  ionosphere  was  relatively  cold.  Field-aligned  plasma  flows  also 
were  detected.  In  the  morning,  ions  flowed  toward  the  equator  from  both  sides.  In 
the  evening,  DMSP  F8  detected  flows  that  either  diverged  away  from  the  equator  or 
were  directed  toward  the  northern  hemisphere.  The  effects  of  diurnal  variations  in 
plasma  pressure  gradients  in  the  ionosphere  and  plasmasphere,  momentum  coupling 
between  neutral  winds  and  ions  at  the  feet  of  field  lines,  and  E  x  B  drifts 
qualitatively  explain  most  features  of  these  composition  and  velocity 
measurements. 

Principal  Reference:  Greenspan,  M.E.,  W.J.  Burke,  FJ.  Rich,  WJ.  Hughes,  and 
R.A  Heelis,  DMSP  F8  observations  of  the  mid-latitude  and 
low-latitude  topside  ionosphere  near  solar  minimum,  J. 
Geophys.  Res.,  99, 3817, 1994. 


4.  Electric  and  Magnetic  Field  Fluctuations  In  the  Cusp 

Low  altitude  satellites  provide  snapshot-like  images  of  ionospheric  cusp/cleft 
regions  that  reflect  processes  taking  place  near  the  dayside  magnetopause.  These 
regions  are  characterized  by  rapid  fluctuations  in  both  electric  and  magnetic  fields 
which  are  collocated  with  intense  fluxes  of  low-energy,  magnetosheath-like  particles 
and  often  exhibit  very  narrow,  spike-like  features.  We  analyzed  the  electric  and 
magnetic  field  fluctuations  detected  during  approximately  seventy  crossings  through 
the  dayside  ionosphere  by  the  DE-2  satellite,  when  the  IMF  had  a  southward 
component.  The  data  span  three  hours  (10-13)  in  magnetic  local  time.  The  electric 
field  fluctuations  usually  increased  sharply  at  the  low-latitude  edge  of  the  enhanced  soft 
electron  precipitation.  Fluctuations  with  scale  sizes  greater  than  10  km  are  consistent 
with  steady  field-aligned  currents  closing  by  ionospheric  Pedersen  currents.  For 
fluctuations  with  smaller  spatial/temporal  scale  sizes  there  is  evidence  for 
hydromagnetic  wave  activity.  Here  the  ratios  of  electric  to  magnetic  field  amplitudes 
indicate  the  superposition  of  Alfven  waves  and  stationary  field-aligned  currents. 

Principal  Reference:  Basinska,  E.M.,  W.J.  Burke,  N.C.  Maynard,  WJ.  Hughes,  D.J. 

Knudsen,  and  J.A.  Slavin.  Electric  and  Magnetic  Field 
Fluctuations  at  High  Latitudes  in  the  Dayside  Ionosphere  During 
Southward  IMF.  in  Solar  Wind  Sources  of  ULF  Waves,  (Ed.  M.J. 
Engebretson,  K.  Takahashi  and  M.  Scholer),  AGU  Geophys. 

Mono.  Ser.,  v81,  p.387,  Am.  Geophys.  Un.,  1994. 


5.  Ion  Cyclotron  Group  Delay  near  the  Plasmapause 

Electromagnetic  ion  cyclotron  waves  are  generated  near  the  magnetic  equator 
though  an  instability  driven  by  energetic  ion  temperature  anisotropy.  The  waves 
propagate  along  magnetic  flux  tubes,  and  many  are  observed  on  the  ground  as  pci 
magnetic  pulsations.  These  often  exhibit  a  distinctive  wave  packet  structure 
believed  to  be  the  results  of  wave  packets  bouncing  back  and  forth  along  a  flux  tube 
producing  the  repetitive  structure  that  gives  rise  to  the  name  pearl  pulsations.  We 
compared  ion  cyclotron  waves  observed  by  the  DE  1  spacecraft  near  the  equatorial 
plane  near  L=4  with  ground  based  observations  of  pci  pulsations  observed  near  the 
foot  of  the  DEI  field  line  by  the  AFGL  Magnetometer  Network,  and  estimated  the 
delay  time  for  the  signal  to  propagate  from  the  equator  to  the  ground.  The  estimates 
for  the  different  events  ranged  between  35  and  100s. 

We  compared  these  measurements  with  calculations  of  the  group  delay 
made  using  the  full  hot  plasma  dispersion  relation  integrated  along  a  dipole  field 
line  from  the  equator  to  the  ground.  The  plasma  parameters  used  in  the  calculations 
are  based  on  the  plasma  and  particle  measurements  made  by  DE  1  at  the  time  of  the 
wave  events. 

We  found  that  the  density  of  both  the  hot  and  cold  species  affect  the  wave 
group  velocity  significantly,  especially  near  the  equatorial  plane  where  the  group 
velocity  is  smallest,  and  where  it  has  the  largest  effect  on  the  total  group  delay. 

Principal  Reference:  Ludlow,  G.R.,  and  WJ.  Hughes.  The  Ion  Cyclotron  Group 
Delay  of  Source  Regions  near  the  Plasmapause,  J.  Geophys 
Res.,  98,  7561,  1993. 
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